INTRODUCTION
Approximately 60% of current total hospital costs are due to labor. With the implementation of DRG forms of payment, the proper determination of how a hospital's departments should be staffed becomes of crucial importance.
Hospital labor has unique demands placed upon it because of varying work loads, variations in patient occupancy, the particular needs of individual patients, and the work load's changing on a day-to-day basis. Opportunities for leveling the work load are limited because most of the work must be done the same day (usually on the same shift) in order to properly treat the patient. In addition, typical lengths of stay in hospitals are 6 to 10 days, so that work load leveling (finishing the work tomorrow when it should have been done today) can also result in excess per diem costs due to increased lengths of stay. Another source of variation is in the capabilities of the members of the work force. Workers differ in their ability to absorb variations in work load demand relative to work standards, a-3 Discussions with hospital personnel and studies of principal units (including nursing, laboratory, radiology, and physical therapy) indicate that in the hospital environ-ment, workers not only work at varying rates, they also tend to work to the limits of their capabilities when conditions warrant. The reasons include the following:
1. A high work load is often perceived by the work force early in the day. Thus, there is motivation to "work as hard as one can to get the work done." 2. The work force and management attitude is that one should work as hard as one can when the work load is high in order to provide the requested service. 3. Most of the work is labor-intensive, uncontrolled by a machine or the immediate input of another worker. Thus, workers can usually work at their capability if the situation requires it. 4. Work content varies widely. Workers move about, so that the same workers are not in immediate proximity to each other most of the time. Thus, the concept of equity of work rate (so many pieces per hour) does not dominate the environment. 5. Productivity measurements are conventionally made on a group (usually departmental) basis and are rarely feasible, or performed, on an individual basis. (This situation also reduces the formation of the concept of equity of work rates.)
THE PRESENT SITUATION IN MANY HOSPITALS
Since 1960, an increasing number of hospitals have been introducing and using labor productivity systems to assist in staffing decisions. Productivity, P, (in unit~s of percent) is usually defined to be
(1) ST where EH = earned hours, ST = worked staff hours for a prespecified period of time over which productivity is measured (usually a week or a pay period). The basis for determining EH is usually a set of labor standards that have been established by the hospital's.management engineering department, consultants, or professional organizations. The quality of these standards varies from poor (guesses) to excellent (time study or predetermined time based), 4 with most somewhere in between. For purposes of this presentation, we will assume that the standards are "excellent" and represent the 100% level or "low task" level for a "normal" worker, which is the primary basis for labor standards in industrial organizations. 3, 5 Even if a hospital has a labor productivity system, important questions remain concerning the productivity that should be expected, how one should staff to achieve it, and the resultant costs. At present, productivity is usually between 85 and 90%. This range is justified by such arguments as these: (a) "It's better than what existed when the labor information system was introduced" (frequently 60% to 65%). (b) "No one is perfect; therefore, productivity has to be below 100%." (c) "We negotiated the productivity."
As for the staffing decisions needed to attain these productivities, typical management responses are the following: (a) "We tell the supervisor that it is his/her problem to figure out how to staff and meet the productivity requirements." (b) "We average the EH on a daily basis and staff accordingly." (c) "We staff according to the budget."
In turn, the budgets needed to achieve this staffing (and resulting productivity), are determined by rules such as these: (a) "Budgets are set by the budget officer who is not involved in productivity considerations." (b) "We use position control budgeting, which is independent of changes in work load." (c) "We budget using the expected productivity."
These responses have a common theme: There is rarely a technical basis for determining what productivity levels could be achieved, how one should staff, and the resulting budget. Yet a technical basis is important because when the true potential productivity is known, the costs of compromises to gain acceptance by the work force and management will be available. In addition, the technology provides a basis for determining the losses or gains due to management policies regarding overtime, full-and part-time staff, the quality of worker selection, and other staffing philosophies.
THE METHODOLOGY
We now present a simple yet useful methodology to relate staffing decisions to productivity and budget, in the face of variability in both work force and work load.
Demand
For purposes of illustration, consider the daily shift demand (in EH) for a department, shown in Table 1 .
Thus, for example, on Monday of Week 1, Shift 1, the number of earned hours credited to the department is 400. This figure results from summing the (predetermined) labor standards for all of the work actually done on this shift day. It can usually be obtained from the accounts receivable files of the hospital computer system. Examination of Table 1 
Capability
A worker's capability is defined to be the amount of work, relative to standards upon which earned hours are determined, that can be performed in any given period (normally, an 8-hour shift). Since different workers have different capabilities, the work force is characterized by a distribution. For a healthy work force between the ages of 18 and 65, this distribution is usually described by a bell-shaped curve, such as that shown in Figure 2 . This shape is well represented by the Normal curve
g(tla'tr) = ~/2 7rty 20 -2 where a = average capability, o-= standard deviation of capability, a, the average capability of the work force, is in the range of 1.20 to 1.35. This is appropriate for excellent labor standards and depends on the personal and fatigue allowances of the specific labor standards used. The value of cr is obtained by noting that 95% of individual workers in good health between the ages of 18 and 65 are capable of performing at or above the capability level of 1.03,6 with a value of a = 1.2 where no personal and fatigue allowances have been added. Then, using the fact that 95% of a unit normal curve is above -1.645 allows us to compute O" ~---
Using equation (2) to represent the distribution O f capabilities of each member of the work force, it is possible to show that if there are n workers sharing earned hours in a unit, then the total capability they represent is again given by a Normal curve, but with a replaced by na, and ~r replaced by ~r~/-~n. The Normal curve of equation (2) an abstraction that should be modified when used to describe an actual single hospital worker's capability. In particular, worker screening and self-selection pressures tend to remove extremely incapable workers or overcapable workers. To reflect these effects, two additional parameters could be used to represent the upper and lower "cutoff" of capabilities. It will be shown, however, that when finding the overall distribution of capabilities for more than a few workers working together, the results are relatively insensitive to such cutoffs. For this reason they are temporarily ignored in the discussion below. It is often convenient to represent staffing decisions by the allocation of staff hours per shift. If x = allocated staff hours--i.e., the total hours of staff time available for a shift--and each staff member is assigned to an 8-hour shift, then n = x/8. Thus, the total work (in hours) of a work force assigned to work a total of x staff hours/shift can be shown to be normally distributed, with a mean of rn = ax hours/shift and standard deviation of cr~xx.
Analysis
The Appendix shows the details of the analysis that takes the input data x = allocated staff hours c = average employee cost/hr. (including fringe) o = average employee overtime cost/hr (including fringe) f(y) = frequency distribution for demand y (EH/shift) a = average worker capability cr = standard deviation of worker capability and produces output values of expected overtime hours/person, productivity ,of the work force, probability any overtime is needed on a shift, probability more than h hours of overtime on a shift is needed, total costs, overtime costs, and % productivity of the work force.
EXAMPLES Example 1
Consider an example using the following input data:
Demandf(y) shown in Figure 1 (or, equivalently, in Table 1 ). Regular Wages = c = $16.00/hr. ($12.00/hr. + $4.00/hr. fringe benefits).
Overtime Wages = o = $18.00/hr. Average capability of the workforce = a = 1.307. This is a typical value where the personal fatigue and delay allowance of excellent standards is 12%.
Suppose the same number of staff-hours, x, is assigned each day. This is equivalent to having a fixed staff 5 days per week. The output* for various values of allocated staff hours (x) is shown in Table 2 . The following points are of interest: (1) total cost per day increases as x increases because the upper extreme of the demand distribution is being increasingly performed by the staff on regular time, (2) as x increases the average number of overtime hrs./person/day and the probability of a worker having to work overtime at all (or more than 2 hours) decreases, (3) and the higher the allocated hours, x, the lower the average productivity of the work force. One objective of work load staffing will be to guarantee that either (a) there is a small likelihood that a worker will have to work overtime, or (b) there is a small likelihood that a worker will have to work more than, for example, 2 hours overtime. In particular, in what follows we can define the following constraints:
"No overtime" = minimum staffing such that the probability {any given worker has overtime on a shift} < .001. "2 hours max overtime" = minimum staffing such that the probability {any given worker has more than 2 hours of overtime on a shift} < .001.
From Table 2 we can assess the cost and productivity implications to meet such constraints. With "no overtime," 59 FTEs are needed, producing a weekly cost of $7552.02 and a productivity of 80.77%. With "2 hours max. overtime," 48 FTEs are needed, with a productivity of 98.3% and a total cost of $6,219.91. The total cost saving is 17.6% by use of the change in overtime constraint.
Example 2
The previous analysis was for an assignment of the same number (n) of full-time staff working every day of the week. Yet the average EH per day of Figure 1 varies from 331 to 488 over the days of the week. This variation in average load is typical in hospitals because elective surgery is usually done only 5 days/week, which causes a substantial drop in census on weekends and then a gradual increase Monday, Tuesday, and Wednesday. We can thus consider using part-time staff, to augment a base-level full-time staff, and compare the cost and productivity with the "full-time" solution of Table 2 . Table 3 shows the results, using different staffing each day, and meeting the two overtime constraints defined above. Thus, the use of different staffing levels each day results in substantially reduced costs and increases in productivity, over the fixed staffing of Example 1. Table 4 is a summary.
THE EFFECT OF LOOSE STANDARDS
Loose standards can occur in a number of ways. The most fr~equent are using existing methods without question, using standards from other hospitals whose methods may be less efficient, granting of personal fatigue and delay allowances (PF&D) that are not justified, and poor professional work.
As an example, assume that we have compared an existing subset of standards with "excellent" standards and find that the existing standards overstate the time required by 10%. Then Table 5 (obtained by increasing the cell values of Figure 1 by 10%) would be the demand as determined by the 10% "loose" standards.
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1.398 (a) Capability t Figure 3 . The original capability distribution where average capability = 1.307 and the standards are set at 1.0., and the 10% "loose" standard where the standards are set at the .9091 point.
The original distribution of worker capability had a mean of a = 1.307. The 10% 100 loose standard EH point is shown in Figure 3 calculated as being -.9091. The 1.10 value of a for the loose standards is 1.398 = 1.307 + (1.00 -.9091). a has changed because the point upon which EH is based has been shifted to .9091. Then the scale has been shifted so that the EH point is 1.0. The following comparison results, using the example of Table 3 The total costs and productivity of the 10% loose standards are higher in both cases than the original standards. Note that the expected productivity changes substantially. This will have a major effect on production reporting systems where " 9 0 % " is considered acceptable.
The reason that the costs are not much higher with the 10% loose standards is that the looseness of the standard has been compensated for by changing the value of a from 1.307 to 1.398 
T H E E F F E C T O F W O R K E R S E L E C T I O N
In the previous examples, the entire range of the work force capability distribution was used. However, in many hospital departments the levels of education and training are much greater than the general population. This, in effect, selects out of the working population some portion of the less capable people (a portion of the left-hand tail of the curve of Figure 2) .
In order to investigate the sensitivity of our results to this kind of selection process, a truncated capability distribution can be used. Specifically, consider a policy that "selects out" the lower 20% of the work force. The result is shown in Table 6 . One reason for the small effect (a decrease of about 3.5% in Total Cost) is the size of the work force. Fifty-eight FTEs (the work force of Table 6 ) represents a large work group in a hospital. Note that productivity also improves with worker selection.
To explore this effect further, the demand of Table 1 was reduced by a factor of 10, resulting in the demand of Table 7 , perhaps more typical of a small unit. The results of selecting out 20% of the smaller work force for the demand of Table 7 are given in Table  8 . The reduction in cost is approximately 4.5% (greater than with the larger work force), and again, productivity increases with worker selection. 
CONCLUSIONS
The purpose of this paper is to present a model of departmental staffing and, by example, to show the effect of various management policies on the total labor cost, overtime implications, and productivity. This method allows, as an additional benefit, the clarification of a department manager's job. He or she assumes responsibility for the staff being available as indicated by the output of the analysis. If the manager properly trains the workers and has them available in the correct numbers, and the work is still not done, then it is not the manager's fault. Rather, the management engineers should then closely examine the standards, the worker capability distributions, and the demand distributions to determine the source of the problem. Thus, responsibilities can be more precisely fixed than with typical labor productivity systems.
The use of the program and the resultant examples reveals the following:
1. Average productivities substantially above 85% to 90% are possible with sufficient resources to get all of the work done every day without appreciable overtime. 2. The use of overtime substantially reduces total costs and increases productivity.
3. Changing staff levels over the week (by using part-time employment) results in substantial reductions in budgets and in improvements in worker productivity. 4. An explicit program is available to provide a basis for staff scheduling by giving explicit information about what days people should be asked to work. 5. The direct labor required is directly coupled with the forecasted demand, overtime policies, and policies concerning full-or part-time staff. 6. The effect of "loose" standards on costs and productivity can be demonstrated and can be compensated for by proper knowledge of average work force capability. 7. Budgets can and should be closely connected to staffing policies and expected demand. Otherwise, the work to be done and the staffing supplied may not be compatible with each other. This can result in excess costs or the work's not getting done when it should. 8. The analysis has as a premise that all of the demand will be able to be done every shift using overtime as needed. This is important for medical reasons and for keeping lengths of stay to a minimum. 9. For small work groups, such as typically found in hospitals, worker selection has an important impact on productivity and resultant costs. For larger work units, the effect of selection has less impact.
APPENDIX

Details of Computation of Output Measures
This appendix gives the equations that produce costs, overtime hours and probabilities, and productivity, given the following parameters: x = allocated staff hours per shift c = average employee cost/hr., regular time o --average employee cost/hr., overtime f(y) --frequency distribution for demand (EH/shift).
a --average worker capability ~r = standard deviation of worker capability
